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5. INTRODUCTION

This report reviews the progress made on development of a hydrogen-
fucl ce NAS Contrace 3-2781, during the pericd

cxygen regencralive f{ucl cell, )
November 7--December o, (94, During the period covered, a number of
single cell tests were conducted, and a 6-cell 75-watt unit was also -

assembled and tested. Data for tests of these cells is Presented in the

report,




2. TECHNICAL DISCUSSION

2.1 Single Cell Tests

Table 1 surmarizes the single cells-subjected to test during
this period. Cell No. 25 was subjocted to a range of different current
dischafges at elevated temperature (12500) to determine performance
capabilities. Data for this cell was presented in ‘the previous moenthly
progress reporc. Testing oi this cell was disccntinueq in order to
use thc instrumentation with the 6-cell, 75 watt unit, )
" Cell Ko. 26 wés assembled to'demonstrate-single cell

per formance to the NASA technical menitors of the progr&m, who visited

EOS during this period. This cell was cycled 2 times, and subjected to
discharges at various cﬁrrents from 10-91.5 amps , for short'periods of
time. The cell was then allowéd to sit overnight at the elevated tempéra-
ture, after which, the mat wés removed, and.the KOH édncenrration was |
analyzed. It was found to have droppéd from 40 to 34 ‘percent KOH.
Considering the continual losses of KOH observed %n.bells.thus-fér,-it
was. decided that a~sbe;ial series of single cell tests will be conducted
in the next pefiod in order to establish a béttcr understanding of the
cause of the K6H deteraoratxon. _ - : R

- ?hase II of the program calls for a SOO-Watt unlt with 1ndividual
cells of 6~inch dlameter havxng a capacity of 21 amp. hours. Pr§v19uq

work has been done. wzth the 6—inch_d1ametcr cell of qomlnal 10 amp. hcur f

¢8pac;ty.. A seriesxéﬁaeeii te
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using the fixed volume single cell, the cell was charged to 500 psi.
When the first discharge was starited, a neise was heard in the cell, and
n rapid pressure drop noited. The test was then stopped, the éell vented,
disassembled and éxamincd, The mat periphery looked as if it had .zen
eaten away, and there was a4 black deposit in the gas compariments.
(Note, the edges were not rubberized) Tt was decided that the mat had
pﬂqslblv been placed off center, and therciore cell No. 28 was assembled
using the same mat arrangement.

The mat configuratiocn of Cell Ho. 28 provided increased capacity,
but did not provide the full 21 amp heurs desired. Voltage rose high
at the end of charge indicating the drying out of the mat. Therefore,
initial discharge voltage was qﬁitc low, and at the end of discharge, -
véltage fell off rapidly. This performance is shown in Figure 1.

Cell No. 29 contalned a mat with reduced compression and increas~
ed elecholytL.. The cell was cycled at chaxge currents of 10 and 20 Amps. -
and a discharge éﬁrfent of 20 amps. The cell chalged well and discharged
Lsell except at the end of dlqcnuroe wben performance tell off rapxdlv
as shown 1Q F1gu;e 2. The data 1nd1cates poor F¢rad1c efficiency also,
6 ‘“prvvedischérge%vrformante and avoid the”apparent flooéing at the
end of dlschargc, thie-cell was vented ¢ 100 psi to reduce the water -f; o
content at the end of the fourth~CVcle. At the start - of the fifrh cycle .
;‘ischargo, a noise was heard dw the cell ‘and the pressure 6ropped ‘ _
‘rapidlv, i. e., 200 psig., The *eat was stopped the ﬂe4¢ vented disassembl-_;
ea and-examined.; Once again the edgcs Qf the mat were badly eaten away, Q_

F el

and- bgack deposzts were found in - the gas canoartments. In these tests

-

jthe mat nompress;on had }gen xaduced, nﬂ apparently thﬂ sealxcn thg/gg-’»

"3;edges was not su‘f1ticnt LO prev Bh. gaa 1eakagé~
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m me fmre, :

sxception that the oxygen electrodes consisted of a mixed catalyst, §.c.,
10 mg. of platinum, and '10 mg. of palladium per sq. cm. In addition,
insulating washers that were used on stack bolts were fabricated out of

lass epoxy rather - nreviously used nylon in order to precsent
~la oxy rath than the previously d nyion in ord t t

rclaxing of the washers during load at ¢ /. fted temperatures,
The unit was cycled in the nes nner,55 minute dischaige,

65 minute charge. During the first tvo cycles, the temperature was
gradually raised, and the unit discharged at avproximately 15 amps. at

5.2 volts. For the remaining 14 cycles, perf;rmance increased slightlv,
and the discharge current was sc. at approximately 18 amps. The unit

was cycled only during the day. 0vern1ght the unit was kept at elevated.
ﬁemperature. Prior to shut down. the unit was vented of 11l pressurized
gas, and the following morning was repressurized to the original pressure
level ¢ the previous evening. Figure 3 shows a typical charge-discharge
curve of the cell during the cycllng period. ©On the norning follanzng

the 16th cycle, when the cell was bclng prssurlzed to be put into service
it was noted that there was cross lcakagc between gas Lompar*ments, and _
the cell wag not capable of holding a differential pressure. In addltlon,

a slight rise in temperaturc was recorded internally ;ﬁ the cell (150—200)

during this filling period. it was deéided' thﬁt for some unknown réasoh;

.cas xeakage was occurring, and p0551b1y recombining on oune of the ciectrcd
su~faces. The unit was therefore dlsassembled and examlned

_ Examination of the dlsaaseﬂbled unit reveaied tha* the st&ck

'bolts had relaxed conqidelably‘ These 'bolts were 1n1tia11y tarque& to

.75 inch/pcunds. Inspactlou of the unit reve?’ec‘chat the bolts were

iesseutiaily at § torque after the testing perlod, A fﬁlﬁxﬂtuﬂﬂ c‘
belts of this typevmost prohably releaaud the camgxessieﬂ a&_tba'

ThL m@ts #ad a_
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«jthin the entirve assembly. 1t was noted, lhowever, in a fev places that :

t - i.ickel plating of the wagnesium separaters had paaicd avay slightl-,

Analys .s 07 clectrelyvt ¢ concentration, within two of the mat
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disassembled cell, revecaled concentrations of 33 and 24 porcent KOH, _

2.3 Asdest.. Studies

Preliminary tests of permeability of fuel ceoll
conducted. (The test arrangenents for these tests are described iu Zihe

tenth monthly repori.) This asbestos, as compared to the cther types
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cenriguration used in the recent cell test, showed no leakage up to 20 psi.




- 2. PLANS FOR THE NEXT PERIOD

During the ncxt period, a series of_single ceil tests will be run to
establish a patterr, and obtain a better understanding of the cause for
clectrolyte detericration and consumption during cveling.

In addition, single cell tests will be continued in an attempt to
detcrmine the right configuration for increased cell capacity. Another
complate siggle'cell and instrumentation will be fabricated and assembled
to increase the rate of testing. Initial desiegn work will be conducted

on the 509-watt multi-cell umit. ) -

In order to complete permeability data, additional:tests will be
:  conducted to evaluate the effect of thickness and numbcr of mats on -

'permeabiiity. . =




4. FINANCIAL SATEMENT
Maihours and dellar expenditure fcor the period October 30
through December 4, 1964 werc as follows:

Direct Labor lours 30
Direct Labor Dollars £2,437.92
Purclases and Cormiitments 1,527.065
Total Dollar Expenditurc 12,845.13




